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Electrczchemical Data X I I .  E l e c t r o l y t i c  Conductivity of Aqueous Solutions 
of the Sodium Halides 
ABSTRACT 
This r epor t  gives a c r i t i c a l  evaluation of the ava i l ab le  d a t a  on the 
e l e c t r o l y t i c  conductivity of aqueous so lu t ions  of sodium chlor ide a t  0, 5, 
10, 15, 20, 25, 30, 35, 40, 45, 50 and 55 'Cy  of sodium iodide at: 0, 25, 
29.92 and 49.3 'C, and of sodium bromfde and f l u o r i d e  a t  25 "C. 
I. Introduct ion 
T h i s  report  gives a c r j t i c a l  evaluation of t h e  ava i l ab le  data  on the 
Of e l e c t r o l y t i c  conductivity of aqueous so lu t ions  of the  sodium ha l ides .  
the sodium ha l ides  the conductivity of sodium chlor ide so lu t ions  has been 
inveetigated the most. 
of sodium chlor ide so lu t ions  a t  concentrations ranging from 0.0001 t o  5.0 N 
and a t  temperatures a t  5°C i n t e r v a l s  ranging from 0 t o  55 OC. 
other hal ides  has been confined to  25 "C i n  the period s ince  1930, with the  
exception of one paper i n  which t h e  measurements were made on sodium iodide 
a t  0, 29.92 and 49.3 "C i n  the concentration range 1.0 t o  7.5 N. 
Thus, we were ab le  t o  study data  on the conduct ivi ty  
Work on the  
Rounded values of the equivalent conductance a r e  given f o r  t he  concen- 
t r a t i o n  and temperature ranges covered by t h e  experimental da t a  reported i n  
the l i t e r a t u r e .  
r e s u l t s  jlere obtained t o  f i l l  some gaps a t  c e r t a i n  concentrations or temper- 
a tures .  The data was evaluated by the methoda described i n  Pa r t  I I P  of t h i s  
s e r i e s .  
I n  a d d i t i m ,  i n  the case of sodiun chlor ide some in t e rpo la t ed  
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11. Theoret ical  Constants. 
The equivalent conductance a t  infinite dilution fi0 of aolutfcvns of NaCl 
at 5,  15, 25, 35, 45 and 55  "C were ~ 3 t ~ i .  ked from a paper by R. L. Kay '13. 
H i s  results sre based on the d a t a  of F. W. Tober [2], H. E. Cunning and A. R. 
Gordon f 3 f ,  and G. C. Benson and A. R. Gordon c4:, B. Saxton and T. W. Langer 
[52 , and T., Shed'lovsky e t  al 161. They were fitted :o t h e  r ev i sed  Fuoss-Onsager 
equation by means of a computer program. 
above 11, values to obtain values at 0, PO, 20, 30, 40 and 50 "C. 
also i nc luded- the  more recent data of C. G .  Swain a d  D. F. Evans i7:, 
%e used a least squares f b t  of the 
A t  25 OC, we 
F. Accascina CSj, arid R. ii. Kunze and R. M, Fuoss r9] in arrivSng 8: the A, 
value. 
The r e l a t i o n  between t i c  and t for NsCl so lu t ions  can be expressed by 
the following equations: 
0 - 35 OC 
A! = 67.243 + 2.0519 t -t- 0.0147 t2 - 0.000076667 t3 -6 s T- 3.6 x 10 
35 - 55 OC 
11: = 65.514 f 2.2419 t -i- 0.007825 t -6 s = 6 . 3  x 10 2 3 + O.G&095 t 
Table I. summarizes tho constants used i n  f i t t i n g  the NaCl data.  These 
pre i n  absoltite uoits- and ere based on the  fundamental constants as given in 
Part I oE- this series. 
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TA%LE 1 - Theoret ical  Con8tants u7ed tn t h t s  study of NaCl so lu t ions .  
* 
t O C -  A, 3 S E J (a) c 8 
0 
5 
10 
15 
20 
2s 
30 
35 
48 
45 
so 
55 
67.24 
77.86 
89.16 
101.07 
113.55 
126.53 
139.95 
1S3-78 
168.03 
182.70 
197.80 
213.32 
44.69 
52.55 
61.01 
70.02 
79.61 
89.74 
100.39 
111.54 
123.21 
135.39 
148.09 
162.31 
23.17 87 
27.38 100 
31.a --- 
?Q*L8  145 
41.30 --- 
46.82 182 
52.64 --- 
58.90 238 
65.53 --- 
?2.?9 290 
80.50 --- 
88.81 323 
3.3 
1.2 
--- 
1.5 
* 
Obtained from t he  best €it of rhe da t a  a t  cocceatrat ions below 0.01 N. 
Tables 2 ,  3 and 4 i l l u s t r a t e  t h e  process followel! i n  a r r iv ing  a t  -2, 
These vslues  f o r  e l e e c - o l y t i c  so lu t ions  of Ear, NaT, and NaF a t  25 OC. 
t ab l e s  s m a r L z e  the  r e s u l t s  obtained on applying the Puoss-Accascina 
extrapolat ion [Id' t o  the ava t l ab le  data  up t o  0.01 pi. 
Aio value obtained on data i n  the 0.002 - 0.21 N range was w e d ,  t o  evotd the 
e f f e c t  of e r r o r s  due co the app l i ce t ion  of the solvent correct ion to da ta  
below 0.002 a s  pointed ou t  by Ktnze and Puoss [SI. 
used i n  f i t t i n g  the data  a t  25 O C  for aqueous solut ions of sodium bromide, 
sodium iodide,  and aodium f luoride.  
tlhere possible, t he  
Table 5 lists the constants  
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%&LE 2 - Results of Fnoss-Accascins extrapolations on 
data for d i lu te  NaBr aqueous solutions.  
128.18 
128.18 
128.13 
12%. 19 
128.19 
128.52 
128.53 
128.50 
128.19 
128.19 
128.12 
128.05 
128.06 
128.07 
128.08 
128.08 
0.02 
.02 
.01 
.Ol 
. 01 
02 
.02 
.01 
* os 
.05 
.02 
. 09 
.03 
03 
02 
.02 
196 
196 
i 9 6  
199 
139 
186 
186 
191 
225 
224 
233 
241 
232 
233 
232 
232 
5 
5 
3 
3 
3 
2 
2 
2 
9 
9 
4 
8 
5 
4 
2 
a 
0.Q3 
.03 
* 01 
-01 
.01 
I 03 
.03 
.02 
.12 
.12 
.06 
.69 
.05 
.04 
. 03  
. 03  
0.0GQ992 - 0.Q0536 
11 - 11 
I 1  -. I1  
0.0005 - O.OG5 
I 1  - I1 
0.00197 - 0.0118 
1r - I t  
0.00197 - o . o a m  
0.0005 . 0.00972 
I 1  -. 11 
11 - 11 
0.002 - II 
II - I t  
*I - 11 
I 1  - 11 
11 c )I 
10 
15 
6 
5 
5 
14 
14 
12 
27 
27 
19 
18 
13 
11 
10 
10 
- __ ~~~ 
* 
Number of experimental obaervations. 
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TABLE 3 - Results of Fuoss-Accascina extrapolations on 
data fo r  di lu te  NaI aqc PS solutions. 
* Author '1 0 S J(a)c 8 Fit: Range (N) No. 
u- __I I__ 
c 141 127.19 0.01 239 3 0.02 0.000204 0.00540 6 
ti 
127 20 .01 236 3 .G2 0.000416 - 0.00540 5 
- I 1  I 1  I 1  127.19 * 01 239 3 .02 
I 1  
Combined 
II 
li 
?I 
I 1  
I t  
127.04 
127.04 
126.93 
127.16 
127.16 
127.25 
127.25 
127.24 
127.22 
127.22 
127.22 
.10 
.08 
-06 
.06 
. 02 
.04 
.03 
.02 
.02 
.02 
205 2 
2a)5 2 
217 I 
198 1 
197 1 
190 5 
196 9 
192 5 
193 2 
193 2 
193 2 
.a8 (1.000237 - 0.00915 8 
8 .18 
5 .09 
14 .17 0.0G0204 - I 1  
14 .17 
9 .05 
.09 I 1  - I 1  8' 
1 .05 
6 .04 
6 .04 
6 .04 
- II I 1  
- I t  I 1  
c 
11 - I 1  
I 1  - 11 
' i 1  I 1  
- I t  t i  
r i  - I t  
- 11 II 
*Number of experimental observations. 
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TABLE 4 - Results of Pgoss-Accascina e i t r a p o l a t i o n s  t o  
d i l u t e  NriF aqueous so lu t ion  d a t a .  
- u 
Author ii 9 J (4 c s F i t  Range ( 3 )  NO.* 
105.52 
105.52 
105.54 
105.45 
105.45 
105.34 
105.50 
ICs. 50 
105.54 
105.47 
105.47 
105: lr7 
C.G4 
.04 
. G 2  
.06 
.06 
.03 
.03 
. 03  
.02 
.04 
.04 
.04 
142 
142 
140 
156 
156 
170 
145 
148 
139 
153 
153 
151 
10 
10 
4 
9 
9 
4 
6 
6 
3 
6 
6 
2 
0.09 
.09 
.03 
.07 
.07 
.02 
.08 
. G8 
.03 
.06 
.06 
.06 
0.000293 - 0.00783 
II - II 
11 0.000359 - 
O.CO209 - 0.0131 
I I  - II 
- 0.00995 I t  
0.000233 - 0.0101 
I 1  - t l  
I 1  0,000359 - 
0.00209 - I1 
I I  - I I  
I 1  - 11 
8 
8 
5 
a 
8 
5 
16 
16 
10 
12 
1 2  
11 
T U L E  5 - Theoretical  Constants used in t h i s  study 
of NaBr, NaI and NaF s o l u t i c n s .  
NaBr 128.08 0.02 90.10 47.64 232 2 
NaI 1 2 7 . 2 2  .02 89.90 47.18 193 7- 
N aF 105.41 .04 84.90 35.60 151 2 
111. R @ S U l t S  
The equivalent e ' e c t r o l y t i c  conductance of t h e  sodium halides ae 
round concentrations e given i n  Tables 6 - TO. Table 5 gives this 
information f o r  the eemperuture range 0 to  55 "C.  
were obtained by i n t e r p o l e t i o z  .:.cross the  table. of values derived from 
measurements a t  intermediate temperattxea. 
ValuGs i n  parenthese& 
Tables 7 and 8 gives t h e  equfvalent conductance of aqueous so lu t ions  
Inspection of these t a b l e s  of sodLum bromide and sodium iodide a t  25 'C. 
shows that a t  lower concentratLons the equivalent conductance or the bronitde- 
i s  g rea t e r ,  but tha t  i n  the v i c i n i t y  of 0.3 N the conductance of the i o d i d e .  
becomes g rea t e r .  Heydweiller, Annslen &er Phye3.c., 30, 873, 1909 also 
observed t h i s  i n  measurmepts a t  18 "C.  
\ 
The equivalent conductance 05 sodivm iodide so lu t ions  et an odd 
assortnent of temperatures End a+ 
i n  Table,S, The r e s u l t s  obtained 
Table 10. 
- 
concentratiorls from 1 - 7.5 N a r e  presented 
f o r  sodium f luo r ide  so lu t ions  a r e  shown i n  
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TABLE 7 - Equivalent eondactmcs of aqueous solutions of 
sodium b r d d a  a t  25 OC. 
c n 
127.3-8 
126.10 
125 -32 
122.32 
120 * 44 
113 * 6 
lJ5-7 
114.3 
0.2 105 
.3 102 
.4 108 
-5 
.Q 
98 
96 
.7 94 
>- 
93 
97. 
. e5 113.1 1.0 90 
06 
07 
* 08 
09 
.1 
112 * 1 2.8 
121-2 3.0 
128.4 4.0 
109 * 3 5.0 
109.1 6.0 
77 
67 
53 
52 
43 
c A G - A  
2-Q 
3.0 
9Jk 
84 
73 
*m 
. Q9. 
.I 
.2 m4.0 
52 
4.2 
33 
TmLE 3 - Equivalent c60dact&uce of aqueous solutioas of sodim 
iodide at: ornrirnu, t q e r s t u t e a .  
0.0 ' c  
C 
1.0 
: 1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7-0 
3.5 
A 
52.28 
49-?O 
w.24 
U.78 
4.2-221 
39.51 
36.65 
33.68 
30.52 
27.55 
24.52 
21.61 
18.88 
Id.  36 
13e.OS 
Io&. 47 
88---61. 
. 81.27 
77 . 03 
74.14 
68.6s. 
63.45 
58.05 
52.81 
$7 -82 
43.28 
38.69 
34.06 
49.3 *c 
A 
--I--.. 
127.02 
€l9* 26 
llf.8F - 
fW.14 
97.80 
91.00 
86.30 
77.72 
71.28 
65 03 
59.07 
53.48 
48. 
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TABLE 19 - Equivalent conductance of aqueous sclutions 02 
sodium fluoride a t  25 OC. 
C I1 c A 
0 * 0001 
.a005 
.061 
00s 
* 01 
.02 
.03 
.04 
104.62 
103 * 59 
102 * 83 
99. 81 
97.. ; 8 
94.9 
92.9 
91.4 
0.05 90.1 
.06 
.07 
89.0 
88.8 
-08 87.2 
-09 86.5 
.1 85-8  
.2 80.5 
. 14 * 
01 - 0.01 N 
e = 0.06, 
G5 - 0.01 M 
s = 8.02 
NaCl t OC 0.01 - c.5 E 
5f2 s = 8-06 fr = 77.85 - S2.55~~'~ -I. 34.111s + 129.53~ 312 - 329-96e + 214.06~ 2 
Reference: 
- - _ . -  N& 0.61 - 0.5 N 
Reference: r18] 
NnCl @ - 0.01 N 15 O C  
A = 101.07 - 70.02~~'~ + 36.28~ log c 3. 144.92~ 
References: [31, [a] 
8 = 0,%? 
NaCl IS OC 6.21 - 0.5 N 
h = 161.07 - 70.02c1'* i- 66,544~ -i- 58.096~ 3'2 - 236.05~' 4- 165.35~ 5'2 8 = 0.06 
Reference: TI 83 
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I%*. InterPohition Foraaulas and Data Smrcas (continued). 
NaCl 20 =e 
= 113.55 - 7 9 . 6 1 ~ ' ; ~  -I- 100.3~ - 8 8 . 4 5 7 ~ ~ ' ~  3. 31.588~ 2
Reference: r181 
0.01 - 0.5 N 
8 = 0.01 
NaC1 25 OC 0.01 - 0.1 N 
W C 1  25 OC 0.1 - 1.0 N 
8; = 126.53 - 8 9 . 7 4 ~ " ~  -P- 1 1 3 . 8 5 ~  - 104.03~~" -I- 47.224~' - 8.2288~ 5/2 s = 0.01 
References: :6!* i183, TI91 
NaCI 25 OC 1.0 . 5.0 N 
A = 126.53 - 8 9 . 7 4 ~ ~ ' ~  + 99.142~ - 71.15~~'~ -I- 23.962~~ - 3,1411~ 'I2 s = 0.03 
References: r19! [20] 
N a C l  3@ OC 0.1 - 5.0 N 
A = 139.9s - 100.39~~'' -I 9 6 . 4 7 7 ~  - 51.484~'/~ -b 9.8644~~ - 0.24188~~'~ s = 0.11 
Reference: L21: 
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1V. InterPoIa&ior, Formulas and Data Sources (continued). 
NaCl 35 OC 
A = 153.78 - Ill.54c1/'-+ 5 8 . 9 0 ~  log  c $. 239.63~ 
References: r31, '41 
Q) - 0.01 N 
8 = 0.03 
Mac1 35 'c 0.01 - 5.0 N 
s = 0.15 A = 153.78 - 111.54~~'~ 4. 1 1 9 . 0 3 ~  - 8 0 . 1 8 8 ~ ~ ' ~  -e 24.498~' - 2.805~ 5/2 
Reference: '21: 
40 'C - N&CI 
2 A = 158.03 - 123.21~~'~ $. 116.5~ - 61.905~~'~ t. 11.29~ 
0.1 - 5.0 N 
6 = 0.15 
- 0.01 N 
s = 0.05 
References: !3!, t43 
50 Oi: 
5/2 a = 0.03 ii = 197.80 - 148.09~"~ -t 158.82~ + 21.882~~'~ -332.41~ i- 266.16~ . 2  
NaC 1 50 "e 0.3N - 2.0 N 
A = 197.tO - 148.09~~'~ 4- 188.55~ - 176.61~~" + 85.523~' -16.822~' s = 0.03 
NaCl 50 "C 2.0 - 5.0 N 
A * 197.80 - 148.09~~'~ 4- 155.94~ - 106.01~~'~ + 34.i63c2 - 4.2811~~'~ s = 0.02 
Reference: c221 
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IV. Interpolation Formulas and Data Saurces (continued). 
NaCl 5 5  O c  
A = 2'13.32 - 161.31~"~ -i- 8 8 . 8 1 ~  log c -4- 327.27~ 
Reference: 123 
Q5 - 0.01 ej 
s = 0.62 
NaCl 55 " c  0.01 - 5.0 N 
1 = 213.32 - 161.31~"~ -t- 1.72.94~ - 119.94~~'~ 4- 3 8 . 6 3 5 ~ ~  -4.6943~ 5/2 s = G.23 
Reference: :x! 
@J - 0.01 N 25 *C NaBr 
h = 128.08 - 90.10~"~ -t- 47.64~ log c -b 231.79~ 
References: :11!, [12?, r131 
s = 0.c3 
NaBr 25 = c  0.01 - 6.0 N 
it = 128.08 - 9 0 . 1 0 ~ ~ / ~  + 126.37~ - 114.19~~'~ 4- 46.384~~ - 6 . 9 6 3 7 . ~  s = 0.20 
C .  
References: i I,. , C231 
NaI 25 'C 
= '127.22 - 39.90~~'~ -I-47.18~ log c -t- 192.92~ 
Ref erexces: 141, [lSl 
Q5 0.01 N 
s = 0.03 
Ha1 25 " c  0.01 - 7.0 N 
3 
12 = 127.22 - 89.90~~'~ -1- 120.85~ - 87.758~~'~ -I- 26.831~'- - 3 . 0 4 9 3 ~  5/2 s = 0.20 
References: r15', c23': 
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EV. In te rpolPt ion  Formi Y and Data Sourc-es (continued). 
NaI 0 O C  1.0 - 7.5-N 
3 5 +- 0 . 0 5 3 7 7 3 ~ ~  - 0.0019573~ 12 = 5C.657 -- 7.7591~ +- 1 . 8 2 4 8 ~ ~  - 0 .49881~  s = 0.05 
NaI 29.92 "C 1.0  - 7.5 N 
J'L = 322.25 - 307.31~ -t 1 6 2 . 2 8 ~ ~  - 4 4 . 8 5 5 ~ ~  4- 6 . 6 7 7 6 ~ ~  - 0.51148~ 5 
+ 0 . 0 1 5 8 4 3 ~ ~  5=008 
NaI 49.3 " c  
3 
.'A = 153.95 - 20 .478~  f 2 . 0 9 2 2 ~ ~  -0.?9728c +- 0.017633~~ 
Reference: [24] 
1.0 - 7.5 N 
s = 0.08 
-_I- 
NaF 25 " c  03 - 0.01 N 
= 105.47 - 8&.90cIi2 + 3 5 . 6 0 ~  log c -f- 1 5 0 . 9 ~  s = 0.05 
gefcrences: '131, r167 
0.01 - 0.2 N NaF 2s " c  
I'L = 105.47 - 2: 9 0 ~ ~ ' ~  + 88.237~ - 2 0 3 . 9 1 ~ ~ ' ~  +- 8 2 7 . 0 1 ~ ~  - 1 0 9 1 . 1 ~  512 s = 0.10 
References: '131, ' 1 6 ? ,  c?5! 
* 1s - 
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